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Thi« listing of claimc will repl1=£e all prior versions, and 
listings, ot claims in the application. 

LISTIN G O P GLAIM g: 

Claim 1 (currnri'ily amended)'! An arrayed in-line upfclnal 
device, CQTiipr Ih hifj: ' 

a first optical fiber colUraiitor an«sy, including: 
a f Ust optical fiber array block configured to receive and 
retain a first plurality of individual optical fibere which carry 
optical oignale, the firsL upMcaa fiber array block including a 
firot block surface; nod 

a first m.ir:rt.. Tens array substrate coupled to the fdrsr. 
optical fiW array bloc*, the fit^t microlens array substrate 
inclurtijjy a first plurality of mipfplenaea formed rm rh P 
Hubstrate and integrated along a. final: microlens surface and a 
first substrate surface opposiLe' the first microlens eurfacc. 
wherein the optical signals from. <fie first plurality of 
individual optical fibers are eacK.^ollimated by a different one 
of the first plurality of integrate*! microlenses; 

a flHiiond optical fiber collimator array, including: 
a second optical fiber array block configured to 
receive and retain a second plurality of .individual optical 
fibers which carry the optical aiynala, the second optical fiber 
array clock including a second hl.oek surface; and 

a second microlens arrafj££Ubstrate coupled to the 
aecond optical filler array bloek>.,t&e oecond microlens array 

2'. ; 



: PAGE 4f23 " RCVD AT 2/27/2004 2:12:29 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/6 * DNIS:8729318 * CSID:15163659805 c DURATION (mm-ss):0440 



FEB-27-2004 14: 19 COLLARD&ROE 15163659805 P 

" "• ! 

v ; , . i 

substrate including a second plitfil'it-.y of microlenses formed on \ 

" ! 

t he substr ate _and iategidLad along a second microiene surface and j 

i 

a second substrata wirlace opposite the second microlens surface, ! 
wherein the opi.iual signals provided to the second plurality of I 
individual optical fibers are toc£ provided by a different- une of | 
Llie second plurality of integrated microlenses; and | 

an optical chip coupled ^between thp first and second 
microicna surfaces,, ar ray feubaLiaij ! g nci c h e s ec ond t nicjiultfutf 
avaray aubsliate, the opLiual nhtp 'including a first chip cur face 
and a second chip Hurfanp, 

wherein the first block Surface is c oup led to the firnL 
jjj.'t^Lrate surface and the cccond bfl;o ck surface is cauuleci fn r.na - 
second substrate c urtacc bv an index-matched upLical arthealva, 

wherein the fi rst and-aacoiid block- piirfaoes are angled 
and the first an d second auljHLratle surfaces are sloped at an 
angle in the range of about 4 to i' 12 degrees from perpendicul ar .to j 
the optical ax^ nf tnp fir st anfr.aaoond plurality of in dividual 
ooLiual Mhprp, respectively, * > ■ 
1 wherein the pitc h of tfre^ fir st and second uluralifcy nf 

integrated ir.icroicngca is with in a'- -range pf abuuL 125 t.n a^no 
microns, 

wherein lens axes uf ijht *?f irpt and second plurality ot 
integrated microlaim ea are r.i 1 t.pld ;r r> the optical axis that passes 
through Lhe first and sec ond plurality of integrated mi crolcnaca 
aL ah anal r 1 n rhe range of about'u.l to 5 degreeo, and 

3 ; 
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wherein the out, ieal ohijfr'ig iwrn i.ne.d against the 
optical axis and Mip first and artfowH c hip gurfaegR arn «r. 
TOq l e in t.hft range of about 0.1 to" '5 deor^R frnm perpendicular 
Lu the optical axis of th e OPbicaT -powers that p*fi ? through the 
!■ f optical chip . 

Claims 2-80: Cameled. *' . / 

Pltfdse add new claims 81 94 ajg' follows: 

Claim 81 (New): The arrayed 'aylical device of claim 1, 
•/ wherein an optical index of r.h* kftjhksive between the first block 

surface and the first ftub*irate surface matehco that of one of 

*. > » 

• the core of thP first plurality of' individual optical fihm-* and 

fliaL substrate surface, the other of the first Wort wurface and 
the first substrate surface including an ant i -reflection (ar) 
coating for index matching to the .adhesive, and 

wherein an optical index ol tbg. adhesive between the eecond 
block surface and t.h*- aecond substirite surface matches that of 
one of the* run? of the second plurality of individual optical 
fibers *nd the second substrate sutfiace, and the othftr one of the 
■: l ftHf:r.md block surface and the aecoji^subetrate sur f^* includes an 

anti-reflectzor. <AR} coating for index-mat. nli 1 ny to the adhesive. 

Claim G2 (>few) : Tlu± arraypri optical device of claim 1, 
wherein the first dud aeennri plurality of microlensee are graded 
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-.. indftx (GRIN) lenses, wherein the^f-irat microlens surface 19 

coupled to the first chip surface 'by an optical adhesive index - 
matching to one of the tirsfc micrblena surface and the first, chip 
surface, and the other of the first mir:rol*ny surface and the 
tirst chip surface includes An ««G±- reflective (AR) coating for 
index-matching to th& Klhesive, and 

wherein :.h* second micro lenfcV^eur face ie coupled to the 

\- firti:und chip surface by an optical '.adheoivc index-matching to one 

of the second rr.icroleno ourtace -i^d the second chip surfer:*, *n0 

. the other of the second microlen,s .-surface and r.h« hbuwhI chip 

; eurfacc includes an anti-ref lection (A*) uualincj for index- 

: matching to the adhesive. 4 '\ 

• i 

' ' \ ' • ' 

Claim 83 (New): The arrayed' optical device of claim 1, 

v; 

' .* further including: ; V 

a tirat spacer, the firs* spacer couplixiy the first 
optical fiber array block to the tirsL microlenK array mibstrate; j 

a second spacer, Lhe afeqpnri sparer" coupling the second 
optical fiber array block to the second microlens array 
fculjxi..ry Le; /, ,v 

a chip spacer configured to retain the optical chip 
and provide an air gap between the' first chip surface and the j 
first plurality ot mocrolensee and\another air gap between the j 
V second chip surface and the second' plur a 1 1 r.y nf mj.croleiises, ; 

' . : i 

wherein the first sparer! j.jj eludes a first hole such ! 

1 i 

that the optical ftiyiirflw provided* by the first plurality of 

i 
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' ' ' 

\ •■!,' t ■: i 

. ' individual optical fibers pass ttir^dgh air before encountering 

the first microlcna array eubstratfc, ! 
• ' : wherein the second opaeer-. includes a second Viol p. such 

that the optical aiynals provided!^ the second plurality of 
individual optical fihera pass through air before encountering 
the second microlene array fi:ibst,raLe f and 

wherein the first and second block surfaces, the firot | 
and second substrate ourfacee, tfter\ first and seennd lmicrolens 
win faces and the first and cccOnd>"fihip Burfacee include *nti- 

I 

reflection (AR) coatings. *, " | 

• I 

Ulaim 84 (New): The dr*r-rtyftd ; J&ptical device of claim 1, j 

wherein the. optical chip includes- kl lM«t one of an optical . 

1,; isolator chip, an optical circulatpr chip, a gain flattening j 

filter, a thin film filter, a variable optical attenuator, a j 

polarization beatn splitter, a wavelength plate, a prism, a ; 

. \' % grating, a mirror, a dynamically'*^ jus table active optical j 

• j 
material and polar i 7.i ng maLerial."'*' j 

< ,-■ ; j 

■ ' Claim 85 (New) : An arrayed iH;,- line o£ji.. ical device, 

! cicnnpri sing ; j 

:* t a first optical fiber collimator array, including: [ 

A a first optical £ &er array block configured to I 

' receive and retain # first plurality of individual optical j 

\'\ fibers which carry optlnal siyualg,. the first optical fiber 

\ ' array block including a first hTgck aurface; 

; I 

; *. « * ; t 1 

• ! 
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i}' ^ ; \ 

i 

a first epaeer including a first trout aurtace 
/ ■ and o tirot back surtacc opposite the first front surface , 

i 

wherein the firet block surface is' t angled and the first front 
surface is slanted at a same anglef.'.-in thft rang* of Hhoui. 4 i n 15 
degrees from pArpend i h t Lo Lhe'opt ical axis of the first 
plurality of individual optical ■ fibers, and 
V wherein the firet front 'surf ace ic coupled to the 

firet block curtacc by an index* matched optical adhesive; and 

a first microl ens/ array substrate including a 
first plurality of microlenses integrally formed on the 
< ' substrate ano Along a firnl. nucrplitsjis surface, and a firsL 

substrate surface opposite the .dipt microlens surface, wherein 
the optical signals from the firdt-, plurality ot individual 
optical tiberc are each collimate*d> ; by a different one of the 

first plurality cf integrated microlenses, j 

< ■ i 
wherein the first pl\jr^3.jLty of microlenses are graded ; 

index (GRIN) lenses, and an optica^ index of the first spaczer is j 

similar to that of the first plurality of microlenses, j 

wherein the firet micrplene surface is coupled to the 

tirpt back ourtacc by another indcx-rroatchcd optical adhcoivc, 

/ wherein angles of the rirst back surface and the first 

microlens surface are less than *5 degrees from perpendicular to 

opt. it": a 1 axis of r.ht* optical x j0 ^ fi rs that pass through the 

first microlens array subsLraLe, and 

wherein the first substrate -surface is sloped ai an. 

angle in tha range of about 0.1 to-' 10 degrees from perpendicular 
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V 

to the opl.iudl axis of the opt idai ^powers that pass throng}. Mi* 
firni microlens array eubctratc; 

a second optical fiber collimator Array, including: 

a second optical J IJier array block configured to 
receive and retain a secanil plurality of individual optical 
fibers which carry- f.hn npiical signals, the second optical fiber 
array block i nc?i udirirj a second blbjck aurfa.ee? 

a second spacer including a second front aurfrto. 
and a second back surtace opposite, 'ttae second front mur-face, 
wherein the second block surface 'is' angled at id the second front 
surtace ic slanted at a same angl.e* J n Lhe range of about 4 to 10 
degrees from perpendicular to the 'optical axis of the second 
plurality ul inriivi final optical fibers, and 

whprein the second front" :; surfacc is coupled to the 
t ; sRnnnd block surface by an index^m&t'ched optical adhesive; and 

a second microlens. .array substrate inr.1 ml iry <* 
second plurality of microlenses intjjayrally fnrmed on the j 
substrate and along a second rnicroVens surface, and a second 
substrate surface uppnsif.fi the sec6ft<i microlens surtace, wherein 
the optical signals provided to the second plurality of ! 
individual optical fibers are each; provided by a different one ! 
of the second plurality ot integrated microlenses, 

wherein the second plurality of micrulenaea are* graded 
index lenses (GRIN) and an index of ; ; Lhe second spacer is similar 
to that of the second plurality u£. niicrnl rtihra, 

> 

8 ' : 
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i 

;; :;; ) 

wbfernin the second micrdlens surface ig couplfiri l.u the ! 
cecond back surface by another index-matched optical adhesive, j 
wherein angles of th« setbund back surface and the j 
second microlcnc surface are less*, than about 5 degrees f ro:n 
perpendicular to the optical axia\«ff the optic* 1 powers that 
pass l.hrough the second microiene : array substrate., *nd 

wherein the second substscite surface is sloped a\. an 
angle in the range ol *hv>\\t 0.1 to, 10 degrees from perpendicular 
to the optical axis of the opt ir:aT ^powers that paoo through the 
second microicno array eubatrate; /And 
;> * an optical chip coupled between r.hp first and second 

BuLwi.i'Atft surfaces, the optical 'chj-P including a .fi«L chip 
surface and a second chip surf ace, . wherein the first subst/.vsiLft 
eurtac* is coupled tn the first cftip surface and the second 
substrate aurface is coupled to fclia second chip surface, 

wherein a pitch of the/fi,rh»i. and second plurality or 
integrated nicrolcnocc ie within a, range nf about 125 to 2500 
microns, and ', : 

where Jr. i.he. optical chig* i'P inclined against r.h* 
optical axis and the first, and seciond chip surfaces are at an 
angle in the range of ahonr. 0 . 1 Lei' 10 degrees from perpendicular 
to the optical axic of the optical' pr..w«rs that pass through the 
opLical chip . 
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■ ' : '/ ' i 

■ '. ' ''< i ■ v - • 

surface and the firot tront eurfttea- matches that of one cf the [ 

core of the tirst plurality of individual upLit:al flhp.ra and the ' 

fcirat spacer, and the other of Lhe^Iirsh block surface and the 

>,> first front surface includes an ahti-ref leetion (ak) coating tor [ 

index-maLcliiuy Lea thp adhesive, aAd;. wherein an optical index of 

Lhe adhesive* between the second black surtace and the second 

front surface matches that ot one "of the core of the second 

plurality of individual optical fitters and the second spacer, 

and the other of the second block' surf acts and l.he RRcond front 

surface includes an anti-xeQeLLion' <AR) coating for 

index-matching Lu Lhe adhesive. 

claim R7 (New) : The arrayed. optical device of claim 85, 
wherein the first substrate surface; io coupled to the first chip 
surface by an optical adhesive iiiAex-inatching to one of the 
tirst eubetratc surface and the firjs't chip surface, ami ^nuMier 
one of the first chip surface and the firnl. «ub«trate surface 
includes an anti-ref "I fir:t: inn (AR> coating for index-matching to 
the adhesive, wnr.l wherein the second substrate surface is • 
(Tourjled -o the second chip surface -'by an optical adhesive index 
matching to one of the second substrate curtacc and the second 
chip surface, and another one ot the, second chip surface and the ; 
second aubatratc surface includes 'an anti -reflection (XR) 
coating for index-matching to the^. arlhftftvvH. 

r ► 
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• ' ■ V ;: > , 

* ; Claim tiB (New); The arrayed^dpl . i t?al device of claim Hb, 

1 wherein the optical chip inrjl udes ;at least one of an optical ! 

ioolator chip, an optical circulator chip, a gain flattening 
filter, a Lhin film filter, a variable optical attenuator, a 
polarization bean splitter, a wayfe-lcngth plate, a prism, a 
. gating, a mirror, a dynamically '^jua table active optii-ini 

: / material and polarizing material / ; 

• ' Claim 83 (New) • Am arrayed :iri r line optical device, 

/J comprifti ng • / ;/ 

a first optical fiber-, collimator array, including: 
' '{.J a first optical ttfcfer array block i-onf iynred to 

receive and retain a first plurality of ind.-Iv kludl optical 
, ' fibers which carry optical signals- first optical fiber 

. I ; array block including a r ir*t bldcjc surface; 

fl first spacer including a firct front surface 
, " aaci H firqr back surface opposite the first front surface, 

whprein the first front surface ,xp ( lcoupled to the first block 
, ' ; • surface, and 

wherein the first blockCfcurface is angled and the 
firat front surface is *1<nra.ed at;.; 4 a same angle in the range ot 
about 4 to 12 ilHyryes from perpentU-cular to the optical axis of 
' y th&. first plurality of individual- optical fibers/ and 

a first microlene array, substrate including a first 
plurality of microleneec integral!^ formed on the substrate and 
along a first microlcns surface, and a first aubsr.ratft fturfnee 

PAGE * RCVD AT 2Q7/2004 2:12:29 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/6* DNIS:8729318 ' CSID:15163659805 * DURATION (mm-ss):(M0 



FEB-27-2004 14:21 COLLARD&ROE 15163659805 P 

opposite the first microlens *mr££(>. # wli*reiii the optical : 
signals from the: firni. £il u rality "df individual optical fibers 
are ft^r:b i:tm i mated by a different one of the first plurality of 
integrated microlenses, >; 

- wherein Che firet microlens' "surface including 
anti-rctlcction <AR) coating is "coupled to the first back 
surface, 

• t ' t wherein the: fir*i. *j_idcer include o a first hole such that 

the rjpl.lcrtl sigridls provided by thje first plurality of 
i ndividual optical fibers pass only through air before 

- encountering one of the first plurality of rnicrolenses, 

wherein anqlco of the first, back surface and the first 
i / microlens surface are less than. about 5 riegr*** from 

perpendicular to Lhe upLical axiR-pf the optical powers that 
pass throuyh Lhe fir-fit mi nrolens ] array substrate, and 

wherein the firet substrate surface io sloped at an anqle 
in the range of about 0.1 to 10 "degrees from perpendicular to 
;■■ . the optical axia ot the optical timers that pass through t.h* 

, ' ; first microlens array substrate,-/ 

1 a second optical f iber, rol 1 i iiktlur array, including: 

a RRnond. optical fiber array block configured to 
r rftrft ive and retain a second plurality of individual optical 

fibers which carry the optical sigfiale, the cccond optical fiber 
array block including a second bipek surface; 

a second spacer including a second front surface 
and a second back surface opposite>.th* r Attn ml Crura surface, 
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wherein the RftsToriri front surface ia 'coupled to the second block 
surface, and 

wherein Che second block sur££be ic angled and the occond 
front surface io olantcd at a saipe- :: angle in the range of about 4 
to 12 dcqrecs froir. perpendicular 'tq. the optical axis of the 
second plurality of . individual optical f Hih'-h; *tid 

h hh.i *t ifid tiij.crolens arra'y . substrate including a second 
plurality of microlensee integrally,' formed on the substrate and 
along a second microlens surface, and a cecond oubatratc surface 
opposite the eecond mierolcno surface, wherein the optical 
ciqnalc provided to the second plurality of individual optical 
fibers are each provided by a dif f^fcenL one of the. second 
pliudliLy uf inLeyrat:e*d mi nrolflnnrig,-, . 

wherein the second microlens 'Surface including 
anti -reflection (ar) coating is coupled to the occond back 
surface, 

wherein the second spacer includes a eecond hole such that 
the Optical signals provided to thft;. flft^onrl plurality nf 
individual optical fibers paan only' through air after 
pnroimr.Rring nne of the second plurality of microlenees, 

wherein angles of the second, b^ck surface and the cecond 
mierolcno ourtacc arc leas than abiaiut 5 deqre.es from 
perpendicular to the optical axis; .of the optical powers that 
pass through the second microl enrt" «urray mihfir.rrtt*, flvirl 

wherein the «ftconrl suVjaI. rat.* knrf.av.H i* m1cj|j*[] n\. rfn niiyln 
i ri i.>ih rvinyw of nbrM.il ■ 0.1 Lo 1.0 degrees from- perpendicular to 

13" ',' 
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the optical axis of the op I. i oil powers that pass through the 
• , se.nnnrl m I urolens array substrate; and 

an optical chip coupled between the firct and second 
substrate surface, the optical chip; r including a first chip 
surface and a second chip ourfacc;. 'wherein the first substrate ; 
surface is coupled to the first c&bp surface and Lhe second 
substrate surface is uuupled I.cj thfe; .apnnnd chip surface,. 

wherein t;he optinal rh-lp is inclined against the optical 
axis and r.hp first and second chi£; v surfaces are at an angle in 
the range of 0,1 ;o iu degrees frorci. perpendicular to the optical 
axis of the optical powers that pass through the optical chip, 

wherein a pitch of the firat'and second plurality of 
integrated microlenses is within/a- v rdnge t.iT about 125 to 250C 
microns, ami 

wherein the first and ge&ond block surfaces include 
anti-reflection (AR) coating. 

Claim 90 (New) : The arrayed optical device of claim Q9, 

wherein the first and second plurality of microlenaes are 

reflective lenses , and wherein the .»f list anrl a a [-.-mid hr*r:k 
t. * 

mrfac&.K and I. 1i« firyl <r* t io second microlens surfaces are 
perpendicular to the optical axisKdf the optical powers that 
pass through the txrst and second- xnicrolens array substrates, 
respectively. 



14.'. 

i 
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J: 'i 

i •• , "': 

Claim 91 (New): The ar/*yftd 'optical device of claim 8S, 
mh*,*Ln the firot and second plurality of integrated microiensee 
are unftn of graded index (GRIM) lkiee or diffractive iencee and 
wherein thP. TiibL and second back' v a\»rface 1b sl*nr.ed and the 
tirst and second microlens surface.^ tilted at a unit.* angle in 
the range of about, o.i Lu 5 degree's: from perpendicular u> f.he 
optical axio of Che optical pu«i«rs.,'that pasa through the firwi. 

'v. 

and second mierolcne array substraise*, respectively. 



Claim *>•>. (New) ; The arrayed Optical devii;* of claim 8£>, 
wherein the II-h:. substrate surfap;e is coupled to the first chip 
surface by an optical adhesive index-matching to one nf the 
first aubctrate surface end the f,irst chip eurtaee, and another 
one of the firot chip surface and.-tiue first .substrate surface 
i. .eludes an anti reflection (AR) coar.iny for index-matching to 

the. ad'nRsive, and 

wherein the second substrate surface is coup^d to the 
cecond chip surfanp by an optical- adhceive index- mat uh i : .g to one 
of the second substrate sux.-r*™ and the second chip surface, and 
another one ot the second chip «.or>ace and the oecond eubstr?.t« 
■urf^fiit includes an anti-ref lect'io.h (AR) coating for index- 
matohiny to the adhesive. 

Claim 93 (New): The arrayed optical device of c:l«±im 89, 
further including; " 



15':. 
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. *i * ;• % * 

' : * * c ' hi P spacer oonf igurVd;to retain hh* uplical chip 

" ; - flf.d provide an air gap between tfrsi first «1ii. p surface and the 

first substrate curiace and another' air gap between tl-ae eecond 

chip aurtace and the second si]h*LiE;ate surface, and 

wherein the fUni and f ieond substrate surfaces and 

the first and second chip surf ace&'.includc anti -reflection (AR) 

coatings. 

Claim y4 (New) t The arrayed ©febical ri*vu.<e of claim 39, 
wherein the optical chip includes, ah l.ieast one of an optical 
, isolator chip, an optical cirrmlatbr chip, a gain flattening 

tiltcr, a thin film f.ilt*r, a variable "optical attenuator, a 
. * polarization hr.am splitter, a wayejenqth plate, a prism, a 

graLiug. a mirror, a dynamically -aiijuatable active opting 
i manorial and polariainq material... "•; • 
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